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Tumors from a large colony of over 2000 Sprague-
Dawley rats were reviewed by a panel of pathologists
under the auspices of Universities Associated for Re-
search and Education in Pathology. In the course of this
study, a distinct malignancy in 105 rats was segregated
and given the name "histiocytic sarcoma." This report
describes the histologic features and anatomic distribu-
tion of the tumor, along with its incidence by age and
sex of the rat. The neoplasm is characterized by a spec-
trum of histologic patterns, one extreme resembling a
sarcomatous process and the other a granulomatous
process. The exact morphologic composition varied
from animal to animal, as well as in tumors from the
same animal. The sarcomatous pattern is composed of
sheets of uniform cells, occasionally exhibiting phago-
cytosis. The granulomatous pattern contains epithelioid
histiocytes, central areas of tumor necrosis surrounded
IN THE COURSE of reviewing the tumors from a
large colony of Sprague-Dawley rats,' many tumors
were segregated into a distinct group having morpho-
logic features of both granulomatous and sarcoma-
tous processes. The morphologic picture suggested
that component cells in this disease are of histiocytic
derivation, although further study is necessary to de-
termine the exact histogenesis of this neoplasm. This
neoplasm was given the generic, descriptive name of
histiocytic sarcoma. Similar lesions under a variety of
names appear to have been described in a few rats
before.2-5 However, no large group of tumors of this
distinct morphologic type appear to have been studied
and characterized. In this report, the histologic fea-
tures and anatomic distribution of the neoplasm are
reported, along with the incidence of the tumor by
age and sex of the rat.
Materials and Methods
Slides of tumors stained with hematoxylin and
eosin, which were identified as histiocytic sarcoma by
From Universities Associated for Research and Education in
Pathology, Bethesda, Maryland, in cooperation withJohns Hopkins
University, Baltimore, Maryland, the University of North Carolina,
Chapel Hill, North Carolina, and the University of Colorado,
Denver, Colorado
by palisading cells, and multinucleate giant cells. The
liver is the organ most commonly containing histiocyt-
ic sarcoma, both in animals with multiple tumors and
in those with involvement of only one organ. Hepatic
invasion is typified by expansion of the portal areas and
infiltration of the sinusoids by tumor cells. The lung is
the second most common site. The distribution of
pulmonary tumors is bronchiolocentric and angiocen-
tric. Other common sites included the lymph node and
spleen, along with large soft tissue tumors of the
mediastinum and retroperitoneum. Although occa-
sional previous reports apparently have described a
similar or identical neoplasm under varying names, no
large group of tumors of this unique type in rats has
been studied and characterized previously. (AmJ Pathol
1981, 105:21-30)
a panel of pathologists (see Acknowledgments), along
with the data on age, sex, and gross autopsy findings
on 2227 Sprague-Dawley rats, constituted the initial
materials for this study. These animals were from a
study conducted to ascertain a possible effect of ni-
trites on tumor production as previously reported.1
The slides, records, selected tissue blocks, and wet
tissues were made available through the courtesy of
Dr. Paul M. Newberne from the Massachusetts Insti-
tute of Technology (Boston, Mass). The pathologic
review was conducted on a "blind" basis, so that re-
viewing pathologists did not know either the variety
of experimental or control groups to which the ani-
mal belonged or the previous diagnoses which had
been made.
Selected tissues were also examined by special stains
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and with an electron microscope. Special stains in-
cluded Ziehl-Neelsen acid-fast, Brown and Brenn's
modification of the Gram stain, Hotchkiss-McManus
periodic acid-Schiff, and Grocott's methenamine
silver stains. For electron microscopic examination,
1-mm thick slices were cut from the faces of selected
formalin-fixed specimens of liver from 4 cases and
were postfixed in 2% glutaraldehyde. Appropriate
areas of the sections were identified with a light mi-
croscope and trimmed from the corresponding tissue
slice into 1-mm cubes. These cubes were treated with
00o OS04 (pH 7.2), dehydrated, and embedded in
Spurr low viscosity embedding medium. One-micron
sections were stained with toluidine blue. Selected
blocks were sectioned at 60-90 nm, stained with lead
citrate and uranyl acetate, and examined in an AEI
801 electron microscope at instrument magnifications
of 1000 to 40,000 times. After the review was com-
pleted, it was noticed that cases of histiocytic sar-
coma were observed in both control and test groups
of animals. This report is based on a review of all tu-
mors diagnosed as histiocytic sarcoma, regardless of




Histiocytic sarcoma had a distinct set of histologic
features that demonstrated a spectrum of expressions,
one extreme being a sarcomatous pattern and the
other resembling a granulomatous process. The char-
acteristics varied from animal to animal, as well as
among different tissue sites in the same animal.
Moreover, sarcomatous elements and granulomatous
elements were sometimes admixed in the same tumor.
The sarcomatous pattern was characterized by a
diffuse proliferation of cells with a moderate amount
of eosinophilic cytoplasm and irregular nuclear con-
tours (Figure 1). The majority of cells had an irregu-
lar configuration, but some were noted to be oval or
to have a distinctly fusiform shape. The nuclei were
predominantly euchromatic and typically contained a
small nucleolus. The nuclear shape was most often ir-
regular, but round and reniform nuclei were also fre-
quently noted. Pleomorphism was not a prominent
finding, but scattered cells did show marked nuclear
atypia and rare mitotic figures were present (Figure
2). Erythrophagocytosis, cytoplasmic hemosiderin
granules, and cytoplasmic vacuoles (Figure 3) were
occasionally observed.
The granulomatous pattern contained epithelioid
histiocytes, often mingled with multinucleated giant
cells (Figure 4), and sometimes showed areas of ne-
crosis. These foci of necrosis were surrounded by
palisading arrays of epithelioid histiocytes with elon-
gated irregular nuclei (Figures 5 and 6). In some tu-
mors, there was a more cellular, exuberant prolifer-
ation of spindle cells, which occasionally showed
deposition of a fibrous-appearing matrix. This ap-
peared to be a variation in the morphologic charac-
teristics of the neoplasm and not a consequence of
reactive sclerosis. These "fibrous" areas may or may
not show a granulomatous reaction with the associ-
ated epithelioid histiocytes and giant cells (Figure 7),
as well as the characteristic necrosis.
Histiocytic sarcoma demonstrated both infiltrative
and expansile growth. The liver was the organ most
frequently found to contain tumors. Hepatic tumor
growth characterized by invasion of portal areas was
prominent in some cases, but most frequently the
predominating growth pattern was infiltration along
sinusoids with apparent subsequent expansion, coales-
cence, and formation of tumor masses. Pulmonary
tumor growth was typically interstitial, often with the
tumor centered around blood vessels and bronchioles
(Figure 8). Compression of adjacent lung parenchy-
ma was often noted. Large soft tissue masses were
common and were most often observed in the
mediastinum or retroperitoneum. In these locations
particularly, the lesion was highly infiltrative into
adipose tissue (Figure 9) and other soft tissues. En-
trapment of nerves was observed. Tissue architecture
was often preserved and was similar to that seen in
hematopoietic malignancies. There were several pat-
terns of infiltrative growth. In some sites, there were
space-occupying tumor masses; in others, the infil-
trate spread along serosal surfaces and enveloped and
infiltrated organs and lymph nodes. Invasion of the
vascular wall and intraluminal clumps of tumor cells
within small blood vessels (Figure 10) and lymphatics,
particularly in liver and lung, were often present and
provided additional evidence of malignant behavior.
Infiltration of lymph nodes and spleen by neoplastic
cells as a rule resulted in only partial replacement.
Growth along sinusoids was observed, as was exten-
sion into lymph nodes and spleen from extrinsic con-
Figure 1-Histiocytic sarcoma in liver demonstrates growth into sinusoids by neoplastic cells with separation and entrapment of hepatocytes.
Elsewhere, notice solid sheets of tumor cells in sarcomatous growth pattern. (H&E, x 250) Figure 2-Neoplastic cells have moderate
amounts of delicate cytoplasm and irregular nuclear contours from area demonstrating pleomorphism. Notice the large cell with a bizarre
nucleus (open arrow) and an apparent completed mitosis (closed arrow). Mediastinal soft tissue mass. (x 1000)



















Figure 3-Histiocytic tumor cells demonstrating markedly irregular nuclei. Notice the large cell with a cytoplasmic vacuole (solid arrow) and
the fusiform cell (open arrow). Liver. (x 1000) Figure 4-Histiocytic sarcoma in liver with granulomatous features containing cells with am-
























Figure 5-Histiocytic sarcoma in liver with diffuse sheets of neoplastic cells and large zones of tumor cell necrosis, surrounded by palisading
arrays of neoplastic epithelioid histiocytic cells. (x 63) Figure 6-Higher power of figure 5. Tumor necrosis surrounded by palisading ar-
rays of neoplastic cells with elongated, irregular nuclei. Pyknotic nuclei are present in the peripheral portions of necrosis. Note two mitotic fig-














Figure 7-Fibrohistiocytic granulomatous pattern in histiocytic sarcoma with fusiform fibroblastic cells, a fibrous matrix, and, in this case,
numerous multinucleate giant cells. Soft tissue mass. (x 250) Figure 8-Histiocytic sarcoma in lung showing characteristic angiocentric
and bronchiolocentric growth. Sheets of neoplastic cells enveloping pulmonary veins and a bronchiole and compressing adjacent lung tissue.
(x 25)
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Table 1-Incidence of Histiocytic Sarcoma (HS)






























tiguous tumor masses. Bone marrow was found only
rarely to contain tumor. Infiltration of glandular tis-
sues, such as the salivary gland and pancreas, was
through the interstitium, with accompanying replace-
ment of the parenchyma. The heart and lungs were
also infiltrated by tumor from overlying serous sur-
faces and, in addition, isolated tumor masses were
found in these organs. Neoplastic cells infiltrated be-
tween cardiac muscle fibers. The latter frequently
showed degenerative changes. Dermal involvement
was not a prominent feature, even in cases with ex-
tensive soft tissue tumor formation.
Sections that were 1 ,u long and stained with
toluidine blue demonstrated well the features already
noted in slides stained with hemotoxylin and eosin.
In electron-microscopic preparations, the sarcoma-
tous areas were found to be collections of polygonal-
to-ovoid cells with poorly defined plasma membranes.
The nuclei were round to oval with clumped chroma-
tin and large, dense nucleoli. Cytoplasmic organelles
were not numerous and consisted of a few mitochon-
dria, occasional lipid droplets, and a small amount of
rough surfaced endoplasmic reticulum. There was no
evidence of cytoplasmic fibrils, nor was there base-
ment membrane surrounding the cells. The cells
closely apposed one another. In some fields, there
were clumps of irregular, electron-dense filamentous
material between cells; this showed no evidence of
cross banding.
In the granulomatous areas, similar cells were seen
in association with multinucleate giant cells, abun-
dant cellular debris, and granulocytic cells. The giant
cells, at times, contained large fibrillar clusters of
moderately electron-dense material, which could not
be better characterized. Their nuclei were large and
irregular with clumped chromatin. The remaining cy-
toplasm contained lysosomes and many lipid drop-
lets. The plasma membrane was not present. No
structures resembling microorganisms were found by
electron-microscopic or light-microscopic examina-
tion with special stains.






















Incidence and Distribution of Histiocytic Sarcoma
Histiocytic sarcomas were observed in 105 of the
2,227 animals in the study, for an incidence rate of
4.7(0/. Data on the age and sex distribution of the rats
with histiocytic sarcoma in comparison to all animals
are given in Tables 1 and 2. The age distribution of
the rats with histiocytic sarcoma at the time of death,
compared with the age of all animals, indicates that
81 o% of these tumors were observed in rats that were
18 months of age or older. Over one-half of the ani-
mals with histiocytic sarcoma were in the 18-23-month
age group, while relatively few (<507o) sarcomas were
observed in rats less than 1 year old.
The sex distribution of animals with histiocytic sar-
coma shows a slightly higher incidence in males, but
the male-female incidence difference is not statistical-
ly significant (Table 2).
Table 3 presents the data on the organs and tissues
involved by histiocytic sarcoma. The liver and lungs
were affected most often. The lymph nodes and
spleen were affected less often. The incidence of in-
volvement of the lymph nodes was approximately the
same as that of adipose and soft tissue, including
retroperitoneum and mesentery. Most animals had
tumors in multiple sites; the mean number of sites per
animal was approximately three. In the 105 animals,
there were 314 separate lesions identified. Table 4
provides data on the 14 animals in which histiocytic
sarcoma was observed in only a single site. Again the
liver was the most common site, accounting for half
of the animals in this group.
Discussion
Histiocytic sarcoma is a distinct neoplastic com-
plex, encompassing a spectrum of histopathologic
features, that ranges from a sarcomatous to a granu-
lomatous appearance. The former pattern is charac-
terized by sheets of relatively monomorphic cells and
the latter by zones of tumor cell necrosis surrounded
by palisading tumor cells, and/or epithelioid histio-
cytes and occasional multinucleate giant cells. In
some instances, the tumor also showed a fibrocytic
pattern with deposition of a fibrous matrix. The neo-
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Table 3-Organ and Tissue Distribution of Histiocytic
Sarcoma in 105 Affected Rats
Animals with
histiocytic sarcoma






































plastic cells differ morphologically from the stem
cells and various-sized lymphocytes present in lym-
phomas or lymphocytic leukemias of rats and other
species, including the so-called histiocytic lymphoma.
Furthermore, the method of infiltrative growth over
serous surfaces and in sinusoids and vascular spaces
is characteristic of sarcomas, but unlike the pattern
of dissemination occurring in lymphomas or other
hematopoietic neoplasms. The histiocytic sarcoma
bears some morphologic similarity to malignant
fibrous histiocytoma (MFH) seen in humans.6 How-
ever, several features, including the granulomatous
appearance, relatively limited cellular pleomorphism,
diffusely infiltrative growth pattern, and distinct ana-
tomic distribution with predilection for the liver, help
distinguish this lesion from MFH. The giant cells of
malignant fibrous histiocytoma are characteristically
of the Touton type or less frequently of the osteoclast
type, whereas the giant cells observed in histiocytic
sarcoma most often resemble Langhans' giant cells.
Some histologic features, particularly hepatic si-
nusoidal and lymph n;ode sinus infiltration, resemble
malignant histiocytosis,7 which may have a granulo-
matous component.8 However, other features, such
as the paucity of mitoses, erythrophagocytosis, and
pleomorphism and the prominence of focal zones of
tumor cell necrosis surrounded by palisading arrays
of histiocytes, suggest that histiocytic sarcoma is a
different process. The histologic pattern of the neo-
plasm, along with its frequent occurrence in the liver
(Tables 3 and 4), led some members of the review
panel to suggest a possible Kupffer-cell origin.
Histiocytic sarcoma in rats is similar to other ma-
Table 4-Location of Histiocytic Sarcoma in Animals










lignant tumors which have been described in mice.
Type A reticulum cell sarcoma, described by Dunn,9
is characterized by diffuse infiltration of the viscera
by cells resembling histiocytes and fusiform fibro-
blasts. Multinucleate giant cells similar to Langhans'
cells are frequent, and phagocytosis of erythrocytes
by neoplastic cells is a constant feature. Many tumors
of the murine type A reticulum cell sarcoma in mice
infiltrated hepatic sinusoids and portal areas, as seen
in histiocytic sarcoma in rats. It remains to be deter-
mined if this tumor in mice should in fact be included
under the traditional classification of lymphoma. As
with histiocytic sarcoma in rats, there are striking
morphologic and behavioral differences between type
A reticulum cell tumors and all other tumors classi-
fied as lymphomas. One report states that these
tumors in mice are of Schwann-cell origin, although
this remains very controversial.'0
Earlier, others described apparently similar lesions
in mice. Slye et al1' described "sarcoma-like growths"
in the liver, lung, and spleen, in which there was a
granulomatous component as well as plugging of ves-
sels with masses of spindle cells. The authors con-
sidered these lesions inflammatory rather than neo-
plastic. Early in the present study, several members
of the review panel faced this same dilemma, but all
concluded, after further histologic study of tumors
from many animals, that the tumors were neoplastic,
with the epithelioid elements most likely of neoplastic
cell derivation. Lewis'2 described a monocytoma of
C57 mice, which, after subcutaneous implantation,
was first found in the liver with subsequent invasion
of the spleen, thymus, and lymph nodes. The tumor
had the "appearance of a tubercle whose cells have
become cancerous." The cellular population included
histiocytes, epithelioid histiocytes, and Langhans'
giant cells.
Ultrastructural studies were severely hampered by
the artifacts caused by formalin fixation and the
length of time in storage before processing. The iden-
tity of the cells cannot be established with certainty,
but several possibilities can be excluded on the basis
Vol. 105 * No. 1
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of these studies. The uniform population of small un-
differentiated cells supports the hypothesis that they
are neoplastic. The lack of basement membrane and
cytoplasmic filaments and fibrils indicates that they
are not Schwann cells. The material within the giant
cells was not identified. It did not appear to be of crys-
talline structure, and it is proposed that it represents
debris from the necrotic tumor cells or material syn-
thesized by them. Ultrastructural findings in similar
tumors in F344 and Sprague-Dawley rats have re-
cently been reported.5
The histogenesis of histiocytic sarcoma remains
undetermined. The frequent concomitant occurrence
of lesions with the sarcomatous pattern and with the
granulomatous appearance, both in the same lesion
and in different lesions in the same animals, has led
us to conclude tentatively that the two patterns are
interrelated and that both are an integral part of this
sarcomatous process. However, the relation between
these two components remains to be unequivocally
established. It was striking that the histiocytes adja-
cent to the palisading epithelioid histiocytes sur-
rounding foci of necrosis demonstrated mitotic ac-
tivity as illustrated in Figure 6. Special stains for acid
fast and other bacteria and for fungi were performed
on paraffin sections of a few of the granulomatous le-
sions. No organisms were identified in these prepara-
tions or in electron micrographs.
Except for some similarities to so-called type A
reticulum cell sarcoma in mice, this process appears
to be a neoplastic complex different and distinct from
hematopoietic neoplasms in man and other animals.
Prior reports have not fully described the pathologic
features of histiocytic sarcoma, nor do they describe
large numbers of tumors. The present report describes
the largest series of histiocytic sarcomas documented
in rats.
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